Objectives : To evaluate whether peripheral arterial catheter management is more effective than umbilical arterial management in very preterm neonates.
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INTRODUCTION
A continuous indwelling arterial catheter is necessary for monitoring blood gases and blood pressure (BP), and it is required for frequent arterial blood sampling to achieve intensive management in very preterm neonates 1) . There are two methods of arterial catheter management. The umbilical artery is usually cannulated immediately after birth. However, it is inappropriate for neonates with a thin or hypertorsion of umbilical cord, or for those who are several days old. On the other hand, percutaneous catheterization of an artery using transillumination is a rapid, simple and safe method 2) . However, peripheral arteries may be difficult to cannulate because of their small size, vasoconstriction due to hypothermia or hypotension, or multiple previous punctures at the site. To our knowledge, there have been few reports on the evaluation of comparison umbilical and peripheral arterial catheter management in neonates.
The purpose of this study is to evaluate whether peripheral arterial catheter management is more effective than umbilical arterial management in very preterm neonates.
MATERIAL AND METHODS

Definition
Arterial catheter insertion is a routine procedure in our hospital for neonates under mechanical ventilation with the following conditions ; 1) the gestational age (GA) is less than 28 weeks and the body birth weight (BBW) is less than 1,000 g ; 2) specific conditions such as twin -to -twin transfusion syndrome (TTTS), small for gestational age (SGA), severe hypoxemia, hypoplastic lungs or idiopathic hypertension ; 3) a major anomaly necessitating an emergency operation after birth such as congenital diaphragmatic hernia, intestinal atresia or diastematomyelia ; and 4) the need of a blood access for blood exchange or continuous hemodialysis (CHD). An arterial catheter is used to obtain blood for laboratory analysis and BP monitoring. No medications, additional fluids, electrolytes, or blood products are administered through the line. GA was determined from the last maternal menstrual period, obstetric history and examination, and prenatal ultrasound findings. SGA was defined as BBW under the 10 th percentile for GA in accordance with the gender -specific growth charts of Kramer et al. 3) . Body temperature (BT) was measured in the anus. Intraventricular hemorrhage (IVH) was diagnosed by ultrasonography and graded in accordance with definitions by Papile et al. 4) .
Patients
Thirty -nine very preterm neonates were admitted to the neonatal intensive care unit (NICU) of Fukushima Medical University Hospital between October 2008 and March 2010. Although all 39 neonates satisfied the indication for arterial catheter insertion, one neonate who was not able to cannulate was excluded from our study. A peripheral arterial catheter was inserted into 19 neonates (peripheral group) and an umbilical arterial catheter into the remaining 19 neonates (umbilical group) ; the research group did not have any control over the assignment. The chief physician decided the insertion artery each time. Among the 38 very preterm neonates enrolled in this study, 36 were less than 28 weeks and 2 were discordant twins, as determined by fetoscopic laser photocoagulation for TTTS during the fetal period. All these neonates were born in our hospital and had no major cardiac anomaly, and they received vitamin K at 1 mg/kg body weight immediately after birth. Small amounts of noninfectious human milk were fed through a nasogastric tube within the first 12 h of life and continued every 3 h. Ultrasonography of the brain, heart and kidney was performed more than three times every day during the first week of life. Data were collected from perinatal case records. Informed consent for arterial catheter insertion was obtained from the parents on admission. This study was approved by the Ethics Committee of the Fukushima Medical University School of Medicine (number 1184).
Arterial catheter management
There are two methods of arterial catheter management. The catheterization procedure was as follows. The Allen test 5) was performed to assess adequate collateral flow to the entire hands or feet in each neonate. After the skin was disinfected with isodine, a 24 -gauge catheter (TERUMO ® ) with an outer diameter of 0.7 mm was inserted into an artery under direct vision with the aid of a transilluminator 2) . The umbilical catheter was 3.5Fr (Argyle ® ) with an outer diameter of 1.17 mm. The catheter was inserted by house officers using a standard procedure, and its length was determined on the basis of shoulder -to -umbilicus length 6, 7) . The catheter tip was positioned at the level of the first and fourth lumbar vertebrae 8) ; this was confirmed by X -ray examination and adjusted to the desired level as necessary. The incision site was kept covered and cleaned as much as possible.
The heparin solution used contained 1 U/ml heparin (AJINOMOTO ® ) in normal saline including 0.9%NaCl 9) and was infused at a rate of 0.3 ml/h. Flushing using the same solution was carried out after sampling for blood gases in the umbilical catheter. In the case of the peripheral line, the solution was infused at 0.5 ml/h.
Use of the catheter was discontinued under the following conditions ; 1) persistent skin blanching or erythema over the catheter tip ; 2) discoloration of the fingers and feet ; 3) clot formation manifested by inability to withdraw blood or loss of the BP tracing ; or 4) leakage around the insertion site. When the catheter was removed, firm pressure was applied to the insertion site with a sterile gauze pad for approximately 5 min to ensure hemostasis.
Statistical analyses
The variables we analyzed were the characteristics of neonates [sex, GA, BBW, SGA, plurality, mode of delivery, umbilical arterial pH (UmApH), Apgar score, BT on admission, prenatal steroid usage, chorioamnionitis (CAM)], vital signs [time of catheterization after birth, BT during catheterization, heart rate (HR), and systolic and diastolic BP at catheterization], and clinical courses [respiratory distress syndrome (RDS), urinary output, the doses of dopamine (DOA), hydrocortisone (HDC) and morphine, patent ductus arteriosus (PDA) courses (natural closure or ligation), enteral feeding reaching 50 ml/kg/day, necrotizing enterocolitis (NEC), IVH, total time during catheterization, and unplanned catheter withdrawal]. All statistical analyses were performed using Dr. SPSS II for Windows. To examine differences between peripheral and umbilical groups, the Mann -Whitney U test was used for continuous variables and the chi -square test for categorical variables. Correlations between continuous variables were determined using Spearman's rank correlation. Multivariate median regression analysis was performed to further determine an association between BP and urinary output with adjustment for GA. Statistical significance was defined as p<0.05.
RESULTS
Clinical characteristics of 38 neonates
The 38 neonates consisted of 25 singletons and 13 twins. There were 16 female neonates in this study. The median GAs of the peripheral group and umbilical group were 195 days (range : 169 -214) and 185 days (range : 161 -196), respectively (p=0.04). The median BBWs of the peripheral group and umbilical group were 716 g (range : 356 -1,618) and 790 g (range : 420 -1,020), respectively (p=0.94). Thirty -six neonates were born by cesarean section. Table 1 shows the characteristics of the two study groups ; which confirmed their similarities. The prenatal steroid usage ratios were the same and not significantly associated with CAM (staged by Blanc 10) ) in the two groups.
Blood access
The following peripheral arteries were catheterized : ulnar, 8 (42.1%) ; dorsalis pedis, 5 (26.3%) ; posterior tibial, 4 (21.1%) ; radial, 2 (10.5 %). In 9 neonates (47.4%), the catheter was inserted into the postductal artery. Table 2 shows the vital signs at catheterization in the two groups. There were no significant differences in the time of catheterization after birth, the BT during catheterization and HR at the inserted arterial catheter between the two groups. However, both the systolic and diastolic BPs were significantly higher in the peripheral group than in the umbilical group (p=0.02 and 0.001, respectively). Table 3 shows the clinical courses of the two groups. The median urinary outputs in the peripheral group and umbilical group were 3.6 ml/kg/day (range : 0.1 -6.9) and 1.9 ml/kg/day (range : 0.1 -5.5), respectively (p=0.03). There was no significant difference in the dose of DOA, HDC, or morphine 24 h after cannulation, and the incidences of PDA natural closure and operation for symptomatic PDA were the same. Both groups showed similar courses in the duration of enteral feeding reaching 50 ml/kg/ day, and there were no neonates with NEC in the two groups. None of the neonates received total parenteral nutrition (TPN) 24 h after catheterization. There were two neonates with severe IVH (Papile grade III°or IV°) in the peripheral group. The median durations of catheter indwelling were similar, and the numbers of neonates withdrawn from the planned strategy in the peripheral group and the umbilical group were 6 and 4, respectively.
Vital signs at catheterization
Clinical courses
Relationships of BP with GA and urinary output
There was a significant relationship between GA and BP at catheterization in the peripheral and umbilical groups with correlation coefficients (r s ) of 0.48 (p=0.04) and 0.47 (p=0.04), respectively ( Figure 1 ). As for association between BP and urinary output within each group, there was an apparent correlation in the peripheral group (r s =0.49, p=0.03) (Figure 2 ), but the statistical significance diminished when adjusted for GA (regression coefficient=0.11, p=0.12).
Complications associated with arterial catheter management
Six neonates (16%) developed complications associated with arterial catheter management. Two neonates had umbilicus accidents due to hemorrhage or unsuccessful ligature, and two neonates had high levels of gastric residues in the umbilical group. Two neonates showed C reactive protein (CRP) levels higher than 5 mg/dl in the peripheral group. None of the neonates developed thromboembolism.
DISCUSSION
Arterial catheterization is a common practice in NICU, which is part of the routine management of high -risk neonates, and reduces distress by reducing the need for vein puncture and heel cut capillary emia may be detected immediately 11, 12) . In contrast to umbilical arterial catheterization, there were many potential complications such as arterial thromboses, NEC associated with this management, and aortic wall vascular complications in animal models of extreme prematurity have been reported 13, 14) . Murdoch et al. 15) found a positive correlation between GA and superior mesenteric artery (SMA) pulsatility index and a negative correlation between GA and end -diastolic flow on the first day of life ; it is possible that these Doppler indices vary with GA because of the effects of other factors, such as circulatory blood volume or BP. Therefore, we speculated that renal arterial flow might also be influenced by GA or BP. Butt and Whyte 16) reported that peripheral arterial BP correlates well with umbilical arterial BP in neonates with different weights, GA, and underlying stressors on therapies as well as adaptation to the extrauterine system. In this study, we examined urinary output as an indicator of circulatory monitoring in the first few days of life. Urinary output after catheterization during 24 h in the peripheral group was much higher than that in the umbilical group. This was associated with BP at cannulation in the peripheral group ; however, no such association was found in the umbilical group. This may indicate that first, urinary output in early life is affected by GA, because the neonates in the peripheral group were more mature than those in the umbilical group, and there were no significant differences in the clinical courses between the two groups. Second, the umbilical catheter was placed at a low position (at the level of the twelfth thoracic vertebrae and third lumbar vertebrae) in this study, which might have affected renal flow, because the renal artery almost diverges from the aorta at the level of the first and second lumbar vertebrae 17) . Rand et al. 18) reported that the SMA flow velocity before the removal of the umbilical arterial catheter is lower than that after the removal of the catheter ; however, to the best of our knowledge, there was no report of the evaluation of the changes in renal arterial circulation caused by the inserted umbilical arterial catheter. Surveillance of blood flow velocity in renal arteries should be considered in the case of umbilical catheter placement.
Peripheral group
There were no significant differences in the duration of enteral feeding reaching 50 ml/kg/day in each group. However, Randel et al. 19) reported that enteral feeding is often withheld while the umbilical catheter is in place, whereas the use of a peripheral arterial catheter prevents the delay in feeding. On the other hand, Havranek et al. 20) reported that the umbilical artery catheter does not affect intestinal blood flow during minimal enteral feeding. TPN may be a stressor because it is contaminated with products of photo -oxidation including peroxides, which are mediators in complex mechanisms of vasomodulation 21−23) . Although Chessex et al. 24) reported that failure to shield TPN from light results in a higher blood pressure in selected critically ill female neonates, none of the neonates received TPN 24 h after catheterization in this study. Two neonates had severe IVH in the peripheral group, and they died with a CRP level of more than 5 mg/dl in the neonatal period. One neonate was SGA with a BBW of 356 g, and the other had CHD and required anticoagulant management for hyperammonemia (maximum ammonia level : 1,683 μg/ dl). It was very difficult to assess the association of infection with peripheral arterial catheter management and identify the source of infections, because both neonates were in very poor condition. Many cases of complications in the acute phase caused by the inserted arterial catheter have been reported ; however, there are no long -term follow -up studies of the safety of arterial catheter management, which are necessary for evaluating the growth prognosis including extremity growth and neurologic status in the future.
Our study has two major limitations. First, the indication for the placement of the peripheral or umbilical artery catheter in neonates did not set in our hospital. Therefore, observed differences between the two groups might have been caused by characteristics of neonates rather than the difference in the arterial catheter management. Second, we did not regularly perform a renal flow study by ultrasonography after insertion of the umbilical catheter. Along with the small sample size and abovementioned nonrandomized study design, it was difficult to conclude whether umbilical catheter placement affected urinary output in this study.
Taken together, we considered that peripheral arterial catheters provide a well -functioning route for continuous BP monitoring, even in very preterm neonates, and can be a reliable alternative to umbilical arterial catheters under meticulous care. Moreover, urinary output after cannulation during 24 h in the peripheral group was much higher than that in the umbilical group. Because it is considered that umbilical catheter placement might affect renal flow, we speculated that peripheral arterial catheter placement would be a more effective management strategy than umbilical arterial catheter placement in very preterm neonates. Further studies of larger populations are necessary to evaluate the effectiveness of arterial catheter management including long -term follow -up studies.
